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Abstract 
This research aims to explore the impact of latent variables, mirroring the users’ preferences, on the individual decision 
making process regarding the mode of transport. The paper describes the first results of an ongoing research activity, which 
derives from a pilot study carried out in Palermo.  
The authors have administered to a sample of travellers a questionnaire and they simulated the mode choice behaviour 
referring to the random utility theory. Then the transport demand over the entire area of Palermo has been studied in order to 
design the cordon pricing scenario with the application of an additional cost on private car dedicated to a selected area of the 
historic centre of Palermo. The results support the assumption that the design of a competitive public transport supply, using a 
road pricing policy, should pass through the complete understanding of the relationship between mode choice and latent 
constructs. 
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1. Introduction 
Transportation planners have to increase their understanding of the hierarchy of preferences that drives 
individual choices of transport mode to design a desirable and sustainable urban mobility system. 
Most models use service attributes to explain mode choice behaviour into the relevant empirical literature. 
Decision maker-specific variables are also often included to allow for individual differences.  
This research aims to examine whether the construction of latent variables, mirroring travellers’ attitudes and 
perceptions, is able to provide insights into the mode choice analysis. 
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To achieve these objectives, a pilot study was carried out in Palermo, the capital of the Sicily (in the south of 
Italy). Currently, the national government and the local authorities are investing significantly to improve the 
“weak” public transport system of Palermo.  
The authors administered to an initial sample of 150 travellers a face-to-face questionnaire containing four 
parts: a section to obtain psychometric data on individuals’ attitudes and perceptions toward different qualitative 
dimensions of transport; a SP survey part providing hypothetical scenarios to choose among private car, bus and 
train, based on bi-level variables like cost ( ) an d different travel time (minutes) components, like walking, 
waiting, in-vehicle, parking (Kian Ahmadi Azari et al., 2013); a section on the socioeconomic characteristics of 
the respondents and another on their current travel behaviour (also focusing on trip chains). 
More in detail, under the first section of the questionnaire, the survey participants were asked to what extent 
they agreed with several statements on attitudes and perceptions toward car and public transport as travel 
alternatives for journey-to-work (study) trips; to rate the statements, the respondents were required to use a five 
level semantic scale ranging from “most disagree” to “most agree”. Some of the most important questions 
proposed to the respondents are below reported. 
 
Fig. 1. Psychometric data section of proposed questionnaire 
 
Each question is closely related to a particular psychological aspect and the user’s response is a quantitative 
evaluation of its importance that can be introduced  in the model specification. 
In developing the SP experiment, to simplify the choice task, the authors combined the fractional factorial 
design technique with the block design approach, thus obtaining eight choice games for each decision-maker. 
So there are eight blocks each composed by eight scenarios, where the different levels warrant the comparison 
orthogonality of the considered factors.  
The figure 2 below shows the eight SP scenarios, proposed in the first block, with the different levels of 
factors. 
 
 
 
1. A significant benefit of the public transport is the possibility to avoid the negative 
effects of congestion. 
Ƒ--   Ƒ-   Ƒ   Ƒ+   Ƒ++ 
 
 
 
2. A positive aspect of the public transport is the possibility to avoid the parking 
problem. 
Ƒ--   Ƒ-   Ƒ   Ƒ+   Ƒ++ 
 
 
 
3. The public transport doesn't catch my interest because the vehicles are often dirty 
and uncomfortable. 
Ƒ--   Ƒ-   Ƒ   Ƒ+   Ƒ++ 
 
 
 
4. … 
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SCENARIO N. 1 Car Bus Train
Walking time (minutes) 5 10 20 
Waiting time (minutes) - 20 5 
On board time (minutes) 15 60 8 
Parking time (minutes) 15 - - 
Cost (euro) 2 0.9 0.9 
Infomobility services (yes / no) - Yes Yes 
A B C 
SCENARIO N. 2 Car Bus Train
Walking time (minutes) 5 5 10 
Waiting time (minutes) - 20 10 
On board time (minutes) 30 60 8 
Parking time (minutes) 5 - - 
Cost (euro) 4 0.9 0.9 
Infomobility services (yes / no) - No No 
A B C 
SCENARIO N. 3 Car Bus Train
Walking time (minutes) 5 10 10 
Waiting time (minutes) - 10 10 
On board time (minutes) 15 60 16 
Parking time (minutes) 15 - - 
Cost (euro) 2 0.9 0.9 
Infomobility services (yes / no) - No No 
A B C 
SCENARIO N. 4 Car Bus Train
Walking time (minutes) 2 10 20 
Waiting time (minutes) - 10 10 
On board time (minutes) 30 30 16 
Parking time (minutes) 15 - - 
Cost (euro) 4 0.9 0.9 
Infomobility services (yes / no) - No No 
A B C 
SCENARIO N. 5 Car Bus Train
Walking time (minutes) 5 5 20 
Waiting time (minutes) - 10 5 
On board time (minutes) 30 60 16 
Parking time (minutes) 5 - - 
Cost (euro) 4 0.9 0.9 
Infomobility services (yes / no) - Yes Yes 
A B C 
SCENARIO N. 6 Car Bus Train
Walking time (minutes) 2 10 10 
Waiting time (minutes) - 20 5 
On board time (minutes) 30 30 8 
Parking time (minutes) 15 - - 
Cost (euro) 4 0.9 0.9 
Infomobility services (yes / no) - Yes Yes 
A B C 
SCENARIO N. 7 Car Bus Train
Walking time (minutes) 2 5 20 
Waiting time (minutes) - 20 10 
On board time (minutes) 15 30 8 
Parking time (minutes) 5 - - 
Cost (euro) 2 0.9 0.9 
Infomobility services (yes / no) - No No 
A B C 
SCENARIO N. 8 Car Bus Train
Walking time (minutes) 2 5 10 
Waiting time (minutes) - 10 5 
On board time (minutes) 15 30 16 
Parking time (minutes) 5 - - 
Cost (euro) 2 0.9 0.9 
Infomobility services (yes / no) - Yes Yes 
A B C 
Fig. 2. Scenarios of block N. 1 
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2. Specification and estimation of choice models to analyze the mode choice behaviour in Palermo 
Based on the explanatory variables illustrated in the previous section, the authors simulated mode choice 
behaviour referring to random utility theory; in particular, the empirical analysis was performed through the logit 
framework (Ben Akiva M. et al, 1985). In particular a multinomial logit model was calibrated.  
A nested logit structure has been tested but the inclusive value parameter for the “public transport” (train and 
bus) composite alternative was not significantly different from 1 (t-ratio with respect to 1 = 1,08 and p-value = 
0,28), so multinomial logit appears an appropriate choice, since the hypothesis of correlation is rejected by the 
data (Catalano et al, 2008). 
To enhance the explanatory power of the mode choice model, the authors integrated a base specification with 
a socioeconomic characteristic of the respondents and with an indicator of their psychological traits deriving from 
the responses to survey questions on individual attitudes and perceptions (Migliore M. et al., 2012). 
One thousand and two hundred SP choice observations were processed for model estimations, which were 
executed by the BIOGEME 1.8 econometric software (Bierlaire M., 2009). 
2.1. Specification 
Then the authors developed a logit model (see table 1), to simulate the choice among car, bus and train, with 
the systematic part of utility functions, a socioeconomic attribute and a psychometric indicator.  
The variables involved in the model are: walking time (min.), waiting time (min.), in-vehicle time (min.), 
parking time (min.), cost ( ), high-grade worker (e ntrepreneur, manager or a professional) and discomfort. 
 
Table 1. Model specification 
Coeff. 
Alt. ASCBus ASCTrain 
ȕ
T-Walk ȕT-Wait ȕT-InVehicle ȕT-Park ȕC ȕHG-Worker ǺDiscomfort 
Car 0 0 T-Walk (min.) 0 
T-
InVehicle 
(min.) 
T-Park 
(min.) 
Cost 
( )  0 0 
Bus 1 0 T-Walk (min.) 
T-Wait 
(min.) 
T-
InVehicle 
(min.) 
0 Cost ( )  0/1 1÷5 
Train 0 1 T-Walk (min.) 
T-Wait 
(min.) 
T-
InVehicle 
(min.) 
0 Cost ( )  0/1 1÷5 
ASCBus (Train): alternative specific constant for the bus (train) option;  
HG-Worker:1 if the respondent are an high-grade worker, 0 otherwise; 
Discomfort/Dirt: perceived importance of the discomfort and dirtiness 
characterizing public vehicles (crowded, not always air-conditioned, 
dirty) discomfort attribute. 
T-Walk: walking time attribute; 
T-Wait: waiting time attribute; 
T-In Vehicle: in-vehicle time attribute; 
T-Park: parking time attribute; 
Cost: transport cost variable; 
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2.2. Estimation outcomes 
As stated above, the authors developed a logit model and the table 2 displays the estimation outcomes. The 
model is characterized by reasonable signs and, in most cases, good statistical significance of their parameters. 
The negative signs of the socioeconomic variable points out that public transport is less appealing for 
entrepreneurs, managers, professionals.  
The psychometric indicator implies the following behavioural consideration: public transport is less 
competitive for users who attach greater importance to public vehicles’ discomfort and cleaning. 
Then the authors investigated the effect on public transport appeal of combining road pricing with policy 
actions to make the bus service more efficient, comfortable and clean (e.g.: lowering passenger density inside the 
vehicles, more vehicles with air conditioning systems, …). 
The model presented in this section, that takes into account the psychometric indicator, outperformed in terms 
of fit other model structures only with level of service attributes or with socioeconomic variables into the 
systematic utility functions (Migliore M. et al., 2012). 
 
Table 2. Estimated models 
Coefficients of modes’ 
attributes 
Value t-test p-value 
ASC
Bus
 
-0.551 -1.45 0.15 
ASC
Train
 
-1.67 -5.60 0.00 
ȕT-Walk -0.0207 -2.40 0.02 
ȕ
T-Wait
 
-0.0132 -0.75 0.45 
ȕ
T-InVehicle -0.0196 -3.40 0.00 
ȕ
T-Park -0.0362 -1.97 0.05 
ȕC -0.218 -2.73 0.01 
ȕHG-Worker -1.36 -6.26 0.00 
ȕcomfort -0.153 -2.44 0.01 
Final log likelihood =-459.259   
2ρ = 0.582    
Adjusted 2ρ = 0.574    
2.3. New variables estimated 
The socio-economic variable, HG-Worker, wants to express the belonging or not to a user's upper-middle-
income category, for example, the entrepreneur, the manager, the freelancer. This variable takes the value 1 or 0, 
respectively, if the user belongs or not to the previously described categories. These upper-middle income users 
are the 10,39% of the respondents, as noted by the questionnaire. 
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The psychometric variable, Discomfort / Dirt expresses the degree of discomfort and dirt perceived by users 
using the public transport. The upper-middle income average users assign the following coefficients to this 
variable, on a scale from 1 to 5 (see table 3). 
 
Table 3. Users’ perceptions of discomfort and dirtiness 
HG-Worker Discomfort/Dirt 
Yes 4.12 
Not 3.85 
 
These values regarding the discomfort/dirt of the public transport system could be subject to some variations 
due to the improvement of the public transport.  
3. The cordon pricing optimization in the historical centre of Palermo 
The transport demand over the entire area of Palermo has been studied in order to design the cordon pricing 
scenario with the application of an additional cost on private car dedicated to a selected area of the historic centre 
of Palermo (Kian Ahmadi Azari et al., 2013).  
This area attracts most of the private vehicular traffic and it is characterized by university faculties, schools, 
hospitals, offices and commercial areas. This area is shown below in the figure 1: 
 
 
Fig. 3. CBD: taxed area 
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In order to design the cordon pricing scenario, using the revenues for upgrading the level of service supplied 
by the public transport system, an objective function has been defined as follows: 
 
operatingbuspricingusersp CostyExternalitvenuevenueSurplusArg −+++= ReRemax )(
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Where: 
• the term “Surplususers” shows the user’s “surplus”, expressed as the product of the total demand for dod 
and the variation in satisfaction between the project scenario and the initial one (with zero price), then 
divided by the coefficient ȕcost to express the surplus in Euros ( ); 
• the terms “Revenuepricing” and “Revenuebus” show the revenues of the pricing due to two contributions: 
the pricing paid by cars and the bus ticket paid by the users who move from the private to the public 
transport due to the pricing; 
• the term “Externality” shows fewer externalities due to the transfer of a part of the demand from the 
private car to the bus. The difference of the two externalities coefficients are estimated as (Amoroso S. 
et al., 2012; European Environment Agency, 2005): 
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• “Costoperating” shows the additional operating costs due to the expansion of public transport that is 
estimated as: 10**4 busN  considering that the cost for each km/h of speed is equal to  4  for a bus 
that moves at a medium speed of 10 km/h; 
• the first constraint indicates that the pricing has to be positive but not over a value fixed by local 
administrators, while the second is expressed by the interaction between supply and demand. 
 
In order to solve the optimization problem, for each value of pricing it has been identified the equilibrium 
solution in the transport system (referring the Origin/Destination matrix to the peak hour of the average winter 
working day) estimating the modal split using the calibrated logit model, estimating the quantitative attributes 
(time and cost) on the private transport network using a deterministic user equilibrium assignment, estimating the 
+++ )(OD*t)(OD*CP snewpass_bubuscar entering picketp
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quantitative attributes (time and cost) on the public transport network using a hyper-path deterministic network 
loading taking into account an increasing of number of buses for each value of pricing (Amoroso S. et al., 2010). 
The model has been used for simulation only considering two alternatives (car and bus) because the demand 
for travel by train is almost naught in the real scenario for the O/D movements taken into account for the cordon 
pricing design. The modal split and the objective function have the following values reported in the tables 4 and 
6. 
Table 4. Modal split with cordon pricing 
Cordon Pricing [ ] Displacements by 
Car [%] 
Displacements by 
Bus [%] 
0.00 83.90 16.10 
0.25 82.97 17.03 
0.50 82.79 17.21 
0.75 82.23 17.77 
1.00 82.07 17.93 
1.25 81.60 18.40 
1.50 81.45 18.55 
 
The improvements of the public transport level of quality are possible because of the revenue of the cordon 
pricing.  
In particular, the reductions are given as a function of upgrading designed for the public transport system in 
the different pricing plans. So some pricing scenarios have the same reduction of the psychometric variable’s 
value because of  their same improvement of the public transport. 
The following variations of the variable Discomfort / Dirt are in the respective cordon pricing scenarios (as in 
table 5). 
 
Table 5. Variations of users’  perceptions of discomfort and dirtiness in design scenarios 
Cordon Pricing [ ] HG-Worker Discomfort/Dirt 
0.25 
Yes 3.98 
Not 3.62 
0.50 
Yes 3.98 
Not 3.62 
0.75 
Yes 3.84 
Not 3.51 
1.00 
Yes 3.84 
Not 3.51 
1.25 
Yes 3.70 
Not 3.40 
1.50 
Yes 3.70 
Not 3.40 
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Table 6. Objective function and its components 
Cordon 
Pricing [ ] Surplus [ /h] 
Pricing 
revenues 
[ /h] 
Bus revenues 
[ /h] 
Externality 
reductions 
[ /h] 
Bus 
operating 
costs [ /h] 
Objective 
function 
[ /h] 
0.00 0 0 0 0 0 0 
0.25 
-10855 3171 932 672 40 -6120 
0.50 
-15029 6273 1108 798 40 -6889 
0.75 
-13474 9214 1665 1115 1080 -2561 
1.00 
-16522 12145 1824 1202 1080 -2431 
1.25 
-17727 14909 2288 1497 1840 -874 
1.50 
-19778 17673 2433 1550 1840 39 
 
 
Fig. 4. Objective function and its variables 
4. Conclusions 
The design of a competitive public transport supply, financed by cordon pricing policy, should pass through 
the complete understanding of the relationship between mode choice and latent constructs. In fact, the demand 
modal split estimation depends from the psychometric indicators and then the efficacy of each policy action or 
strategy applied on the transport network depends from the psychometric indicators too. 
The public transportation system cannot be significantly enhanced by low levels of pricing policy and the 
objective function has negative values. The presence of a low pricing policy involves detour paths that generate 
user dissatisfaction (a negative value of the surplus) and the impossibility to enhance the public transport for the 
absence of a significant modal split.  
Finally, a low pricing policy is not convenient because it would mean a very descending surplus and 
revenues lower than the same surplus that corresponds to an unsuccessful policy. 
Otherwise a toll of  1.50 generates a greater moda l split, which is favoured by the significant strengthening 
of public transport and the growth of revenues (which tie the surplus). Consequently, the objective function 
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assumes a positive sign. This trend would continue with the increasing of the pricing plan, resulting in a decrease 
in the surplus and an increase of the revenues and of the objective function value. 
As further work we will increase the dimension of the sample and the number of the latent variables able to 
understand the hierarchy of preferences that drives individual choices of transport mode. 
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